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not immune to hydrocyanic acid, but the dosage required for satisfactory
results is so large that effective fumigation is unsafe for the tree except
under the most favorable conditions.

FACTS CONCERNING MIGRATION OF BEET LEAFHOPPER
(EUTETTIX TENELLA BAKER) IN SACRAMENTO

VALLEY OF CALIFORNIA

HENRY H. P. SEVERIN, Ph. D., California Agricultural Experiment Station
ALMON J. BASINGER. M.S., State of California, Department of Agriculture, Bureau

of Pest Control

I. INTRODUCTION

According to Ball (1) the beet leafhopper (Eutettix tenella Baker) is
not found, except in periods of abundance, in the inland regions north of
Sacramento. Ball (1) reports that during the serious outbreaks of curly
leaf (curly top or blight) in 1914, considerable damage to the beet crops
occurred at Hamilton City. After several years of idleness the sugar
factory at Hamilton City resumed operations during 1918. This sugar
mill was closed after the 1918 outbreak of curly leaf and since then has
not operated.

II. CURLY LEAF

We (2) have published the results of our investigations conducted in
the Sacramento Valley during 1918. In the beet fields near Hamilton
City, not a single beet leafhopper was captured on June 6. and no
blighted beets were found. Spring brood adults, however, were taken
on garden beets at Marysville on June 2, but 5% of these beets were
diseased, indicating an earlier invasion of the pest. A trip was taken
into the Sacramento Valley on August 19-25, and from 66-86% of the
sugar beets showed curly leaf symptoms, in the. vicinity of Hamilton
City. In the southern part of the valley from 36-86% of the beets were
blighted.
~ During 1919, at least one or two trips per month were taken
to all of the beet centers in the Sacramento Valley during the beet
season. The first beet leafhopper was captured on Silverscale or Fog
Weed (Atriplex expansa) near Woodland on May 27, but no curly leaf
was found in the late planted beet fields. The average percentages
of curly leaf in the various beet districts developed as follows during
the past season.
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In the Sacramento Valley beets are planted from February to May
and records of curly leaf were obtained during 1920 with reference to
the time of planting. Five fields were selected in the Meridian beet
districts and the percentage of curly leaf in each field was determined
twice per month. Spring brood adults were rarely captured in the
Meridian beet fields on May 27, and at Davis about 40 miles south on
May 26. The dates of planting, number of irrigations, percentage of
curly leaf and yield per acre are indicated in table 1.

TABLE 1. PERCENTAGES OF CURLY LEAF AND YIELD PER ACRE IN MERIDIAN BEET FIELDS
DURING 1920.

Field I Number Dates I Number I Percentages of curly leaf I Ton.of of
irrig~~iOnS 5/27

per
acres p antin~ 7/1 7/12 7/20 8/9 8/26 acre

1

I
256 Feb. 14

I·
*3

I I ;11
20

1

26
162/ 84

1

8

.

3
2 37 Feb. 16 2 28 54 88 98 5.37
3 47 Mar. 6 2 14 16 48 10.2
4 62 Mar. 14 2 32 52 92 96 4.6
5 35 Apr. 2 1 30 56 1 0 100 2.7

- - - less than 1% curly leaf. * == 1 pre-irrigation, 2 summer irrigations.

It is evident from table 1, that the lowest tonnage was obtained in
the April planted beet field.

During 1921, however, an earlier invasion of the beet leafhopper in the
Sacramento Valley occurred. ~o spring brood adults were captured
on April 15, in half an hour at sunset in a beet field planted early in
March at Woodland. No blighted beets were found. The leafhopper
was not taken in the Meridian beet fields, about 30 miles north of
Woodland on April 16nor on April 30, when further investigations were
discontinued.

During 1918-1920, the first appearance of curly leaf in the Sacra·
mento Valley was about a month later than in the northern portion of
the San Joaquin Valley due to a later invasion of the pest. On July 1.
1920, 14% of the March and April planted beet fields (Table 1, fields 4,
5) were blighted in the Meridian district of the Sacramento Valley com-
pared with 94-100% at Union Island and Lathrop in the northern
part of the San Joaquin Valley. It is evident that such factors should
have a 4irect bearing on the average tons per acre ht rvested.
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III. AVERAGE TONS PER ACRE IN SACRAMENTO AND SAN

JOAQUIN VALLEYS

During the past four outbreaks of the beet leafhopper the average
tons per acre harvested in the Sacramento Valley and northern part of
the San Joaquin Valley was as follows:

Sacramento Valley
1918 8.49
1919. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.02
1920. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.92
1921. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 6.72

San Joaquin Valley
5.58
3.46
5.12
4.86

7.02 Average 4.96

The average tons per acre would be lower if the acres abandoned on
account of curly leaf were to be taken into consideration.

It is evident that the lowest average tonnage per acre was obtained
during 1919 when the beet leafhoppers reached their maximum in
numbers. Again in 1921, the average tons per acre was lower than in
1918 and 1920. In California general outbreaks of curly leaf occurred
during the following years: 1899-1900; 1905; 1913-1914; 1918-1919-
1920-1921. It is evident that with the exception of 1905, and 1918-
1921, the outbreaks of curly leaf occurred in two successive years, with
the drop in tonnage due to the disease greater in the second year.
During the four successive years of curly leaf, the drop in tonnage due
to the disease was greater in the second and fourth years and it appears,
seemingly, that a double two year outbreak of the blight has occurred.

During the three year interval between the 1913-1914 and 1918-
1921 outbreaks of curly leaf, the average tons per acre in the Sacramento
Valley and northern part of the San Joaquin Valley was as follows:

Sacramento Valley San Joaquin Valley
1915, . . . .. . .. . .. .. .. .. .. .. ... . . . .. . . . 9.17 7.75
1916. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10.65 8.49
1917..... '" . ... . .. . .. . . . . . . .... . . . . . 9.76 6.73

9.94 Average 7.29

IV. SPRING MIGRATION

We (3) have published the results of our investigations concerning a
spring migration of the beet leafhopper into the Sacramento Valley.
The evidence for a spring migration during 1918-1920, is associated with
the fact that the first brood adults did not invade the cultivated area
after the pasture vegetation became dry on the foothills and again,
no specimens were found wintering over on the foothills during 1920-
1921.
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V. AUTUMNANDWINTERINVESTIGATIONS
CULTIVATEDAREA.-An attempt was made to determine whether an

autumn dispersion to the foothills of the Sacramento Valley occurred.
After the beets were harve~ted, the leafhoppers were found on salt-
bushes, pigweeds and other green plants during October 1920. During
November and December the hoppers became fewer on green vegeta-
tion growing on the valley floor. The last record of the dark winter
adults in the cultivated area was obtained at Clarksburg on January
6, 1921, when eight specimens were taken on a few beets still remaining
in a field after the crop had been harvested.

FOOTHILLSOFCOASTRANGE.-The most intensive investigation was
conducted during the autumn and winter, on the barren foothills of the
Coast Range and Marysville Buttes covered with the most favorable
winter host plant, namely, the Red Stem Filaree (Erodium cicutarium),
No dark winter adults were found on the foothills which had not been
cultivated. On the cultivated hills west of Yolo, two beet leafhoppers
were captured on November 3, on a small patch of Red Stem Filaree
growing in the vicinity of a watering trough, before the pasture vegeta-
tion had germinated. Specimens were also taken on weeds growing on
the cultivated hills and on oleander. There was very little green vegeta-
tion available for the insects to feed on. After t'he pasture vegetation
had germinated, a few adults were again taken on Red Stem Filaree at
sunset on November 28, and a half dozen males on oleander. A trip
was taken to the same locality on December 2, and a single male was
found on Red Stem Filaree, but none on oleander.

The eastern foothills of the Coast Range bordering the western side of
the Sacramento Valley were examined several times from October 1920
to February 1921. The beet leafhopper was not found wintering over
on the uncultivated, barren foothills. The location of the foothills
examined from north to south with reference to distances and directions
of the nearest towns follow:

25 miles west of Cottonwood.
Vicinity of Newville and Paskenta.

12 miles southwest of Willows.
Vicinity of Sites.

10 miles west of Williams.
Vicinity of Brooks in Capay Valley.
Vicinity of Capay.
Yolo Hills, near Blacks.
Vicinity of Vacaville.
Montezuma Hills, vicinity of Collinsville.
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FOOTHILLSOF SIERRANEVADAMOUNTATNs.-An investigation was
also conducted on the western foothills of the Sierra Nevada Mountains
bordering the eastern side of the Sacramento Valley. The foothills are
often rolling or merely undulating and the timbered region is soon
reached after leaving the valley slopes. Red Stem Filaree is not abun-
dant on the hills. The beet leafhoppers were not taken on the western
foothills of the Sierra Nevada Mountains bounding the Sacramento
Valley and there were no indications on this side of typical Eutettix
foothill breeding grounds. The location of the Sierra Nevada foot-
hills from north to south with reference to distances and directions of the
nearest towns follows:

7 miles northeast of Red Bluff.
10 miles east of Chico.

Vicinity of Oroville.
12 miles east of Marysville.

Vicinity of Newcastle.
Vicinity of lone.

VI. FAVORABLEBREEDING PLANTS OF BEET LEAFHOPPERIN
CULTIVATEDAREA

In the cultivated area of the Sacramen.!o Valley the most favorable
breeding plants such as the saltbushes are scarce, except in the southern
part of the valley. The beet leafhopper has been bred from the follow-
ing species of the family Chenopodiaceae, to which the sugar beet be-
longs:

TABLE 2. SPECIES OF CHENOPO~IACEAE FROM WHICH BEET LEAFHOPPER

HAS BEEN BRED

Annual Saltbushes
1. Silverscale or Fog Weed (AtriPlex expansa). Native.
2. Bractscale (Atriplex bracteosa). Native.
3. Redscale or Red Orache (Atriplex rosea). Introduced from Europe.
4. Crownscale (Atriplex coronata). Restricted to California.
5. Heartscale (Atriplex cordulata). Restricted to California.
6. Atriplex parishi. Restricted to California.
7. Spearscale (Atriplex patula). Native. The beet leafhopper has not been bred

from this saltbush.
Perennial Saltbushes

8. A triplex fruticulosa. Restricted to Sacramento and San Joaquin Valleys.
Pigweeds

9. Pigweed or Lamb's Quarters (Chenopodium album). Common European weed.
10. Nettle Leaf Goosefoot (Chenopodium murale). Naturalized from Europe.
11. Mexican Tea (Chenopodium ambrosioides). Naturalized from tropical America.

Weeds
12. Russian Thistle (Salsola kali tenuifolia). Introduced from Asia.
13. Nitrophila occidentalis. Native.
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In the Sacramento Valley, the beet leafhopper was bred from
Orchard Morning Glory (Convolvulus arvensis) which is the most trouble-
some weed in the beet fields of California.

VII. CLIMATE
It is evident that the food and breeding plants on the foothills of the

Coast Range and in the cultivated region of the Sacramento Valley are
not the limiting factors which prevent the beet leafhopper from es-
tablishing itself. Climatic barriers determine whether the foothill
breeding grounds are unfavorable to the beet leafhopper in this valley.
A comparison of the humidity, sunshine and temperature in the mi-
gratory and natural breeding areas will be given.

HUMIDITY.-Thewinter humidity is high on account of the rains and
fogs in the Sacramento Valley. A low atmospheric humidity accom-
panied by cloudless skies is usual throughout the summer. In the
southern portion of the valley the relative humidity is about 10 per
cent higher than at the northern part.

·PRECIPJTATION.-Acomparison of the average rainfall in the Sacra-
mento and San Joaquin Valleys shows some striking differences. The
rainfall increases northward in the Sacramento Valley and varies from
19.28inches at the city of Sacramento near the southern boundary of the
valley to 24.9 inches at Red Bluff in the northern extremity. The pre-
cipitation is considerably less upon the west side of the valley than in
corresponding localities upon the east side. The rainfall along the
west side decreases from the south to about the central part of the
valley and then increases to Red Bluff. The rainfall along the east
side increases from south to north throughout the valley. The following
figures show the average rainfall from south to north at the weather
bureau stations situated in the western and eastern halves of the valley:

TABLE 3. AVERAGE RAINFALL FROM SOUTH TO NORTH IN SACRAMENTO VALLEY

Western Half Eastern HaJf
Inches Inches

Vacaville 26.65 Sacramento 19.28
Woodland 18.29 Marysville 20.39
Colusa 16.21 Oroville 27.75
Willows 16.41 Chico 23.14
Corning 21.36 Red Bluff 24.92

In the San Joaquin Valley the rainfall decreases from north to south,
and with minor exceptions is considerably less on the west side of the
valley than on the eastern side. Stockton, in the northern part of the
San Joaquin Valley has an annual rainfall of 14.57inches while Bakers-
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field, in the southern part of the valley has 5.39 inches. Table 4, gives
the annual rainfall of towns on the western and eastern sides of the
valley:
TABLE 4. AVERAGE RAINFALL FROM SOUTH TO NORTH IN SAN JOAQUIN VALLEY

Western Half Eastern Half

21.90

16.91

15.95
10.02

Inches

La Grange

Milton

Lemoncove
Porterville

Inches
12.94
10.37
10.66
11.88
8.52
8.29
6.29
8.06
8.04

Antioch
Tracy
Westley
Newman
Los Banos
Do~ Palo~
Mendota (near valley trough)
Coalinga
Maricopa

FOG.-Fog is common during the winter months, but decreases in
density and frequency of occurrence northward in the Sacramento
Valley. In the southern part of the valley, fog is dense during the
night and morning, but frequently disappears or lifts during the day,
though sometimes continuing as a high fog for several days. The
lower lying parts of the valley are sometimes subject to light fogs in the
autumn and spring, when other portions are free from it.

Fog probably delays the spring migration of the bect leafhopper into
the Sacramento Valley. During foggy days the bugs are sluggish and
inactive, and when fog occurs before sunset no activity is displayed by
the adults.

DEw.-An unfavorable factor to the overwintering beet leafhopper
may be the heavy dew which occurs during the rainy period in the
Sacramento Valley.

SUNsHlNE.-The Sacramento and northern part of the San Joaquin
Valleys have a lower percentage of sunshine than the middle and south-
ern San Joaquin Valley.

TEMPERATURE.-Thefoothill slopes up to about 1,200 feet ebvation
in the Sacramento Valley have a minimum temperature during the
winter months of 1° to 5° higher than thDt over the flatter and lower
part of the valley floor. The difference in temperature between the
sloping positions and the valley floor ranges from about 5° to 8° in the
upper San Joaquin Valley.

VIII. BARRIERS
In all probability the exterminating factor of the overwintering beet

leafhopper in the Sacramento Valley is humidity. The rainfall in this
valley varies from 19.28 to 27.75 inches. The hot dry summers in the
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Sacramento Valley are favorable to the migrant and later generations in
the cultivated area.

Since our investigations' were conducted in the Sacramento Valley
during the past four successive outbreaks of the beet leafhopper from
1918-1921, we have no evidence to show whether the pest is found
only in this valley during periods of abundance as suggested by Ball (1).
Future observations will determine whether a migration takes place
into the Sacramento Valley in years when no general outbreak of the
beet leafhopper occurs.
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FACTS CONCERNING NATURAL BREEDING AREA OF BEET
LEAFHOPPER (EUTETTIX TENELLA BAKER) IN SAN
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ALMONJ. BASINGER,M. S., State of California, Department of Agriculture, Bureau of

Pest Control

1. INTRODUCTION

Sugar mills have been built in a natural breeding area of the beet
leafhopper (Eutettix ten ella Baker) and in such localities the frequent
occurrence of curly leaf (curly top or blight) have closed the factories
after enormous losses have been sustained. In the San Joaquin Valley
four factories were erected in the natural breeding districts of this insect
and after the 1919outbreak of the pest, three of these mills were closed
pf'rmanently. Since then the sugar mills at Corcoran and Visalia have
been dismantled and moved to Preston and Whitney, Idaho.
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